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(54) A method of high addressability error diffusion 

(57) A method and system implements a high ad- 
dressability characteristic into an error diffusion process. 
A grey level value representing a pixel is received. The 
grey level value has a first resolution which corresponds 
to an original input resolution. The grey level value is in- 
terpolated (S30) to generate subpixel grey level values 5. 
which correspond to a second resolution. The second 
resolution is higher than the first resolution and corre- 
sponds to the high addressability characteristic. A s; 
threshold circuit thresholds the interpolated grey level 
value and generates (s180) an error value as a result of 
the threshold. The error value has a resolution corre- 
sponding to the first resolution. A portion of the error val- 
ue is diffused (S190) to adjacent pixels on a next scan- 
line. 
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Description 

The present invention is directed to an error diffusion 
method for rendering grey images on binary output de- 
vices. More specifically, the present invention is directed 
to an error diffusion process having high addressability 
so that grey images can be rendered on an output de- 
vice. 

There are many methods of rendering grey images 
on an output device. Moreover, error diffusion can render 
complex images that contain a mixture of text and picture 
reasonably well. This utilization of error diffusion elimi- 
nates the need to have image segmentation to separate 
the text from the picture so that the picture aspect of the 
document can be screened and the text aspect of the 
document can be threshold. 

Figure 1 illustrates a typical error diffusion tech- 
nique. In Step SI of this process, the video signal for 
pixel X is modified to include the accumulated error dif- 
fused to this pixel Irom previous threshold processes. 
The modified video signal value (X) is compared at Step 
S2 with the value 128, assuming a video range between 
0 and 255. If Step S2 determines that the modified video 
signal value (X) is greater than or equal to 1 28, the proc- 
ess proceeds to Step S4 wherein a value is output to 
indicate the turning ON of pixel X. The process then pro- 
ceeds to calculate the error associated with the threshold 
process at Step S6 wherein this error, Y, is calculate as 
being X - 255. 

On the other hand, if Step S2 determines that the 
modified video signal value (X) is less than 1 28, a signal 
is output at Step S3 indicating that the pixel X is to be 
turned OFF. The process then proceeds to Step S5 
wherein the error, Y, is calculated as being equal to the 
value X. 

The error calculated in either Steps S5 or S6 is mul- 
tiplied by weighting coefficients and distributed to down- 
stream pixels in Step S7. Thus, the error from the thresh- 
old process is diffused to adjacent pixels. The coeffi- 
cients conventionally used to diffuse the error to adjacent 
downstream pixels are illustrated in Figure 2. 

In Figure 2, X represents the current pixel being 
thresholded. The weighted error from this threshold 
process is diffused to adjacent downstream pixels ac- 
cording to preselected coefficients. For example, the 
weighting coefficient for the next pixel in the same scan- 
line conventionally is 7/16, whereas the coefficient for the 
pixel that is one over in the fast scan direction and one 
down in the slow scan direction from the currently proc- 
essed pixel is 1/16. 

This method provides good results, but with advanc- 
es in marking or printing technology, a new error diffusion 
method is needed. More specifically, it has become pos- 
sible to pulse width modulate a laser to print images with 
high addressability. To use error diffusion in combination 
with high addressability, one cannot simply perform the 
error diffusion at the high spatial resolution correspond- 
ing to the high addressability because the resulting sub- 
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pixels would be too small for a typical print engine to 
render. Thus, it is desired to develop an error diffusion 
technique which can be effectively utilized with the 
present day highly addressable image output terminals 

s without producing subpixels too small for rendering. 

A first aspect of the present invention is a method of 
diffusing error generated from thresholding a grey level 
value representing a pixel. The method receives the grey 
level value representing the pixel wherein the grey level 

io value has a first resolution. The grey level value is con- 
verted to a second resolution, the second resolution be- 
ing higher than the first resolution. The converted grey 
value is then thresholded and an error is generated as a 
result of the threshold process. The error value has a 

is resolution corresponding to the first resolution. The error 
is diffused to grey level values representing adjacent pix- 
els. 

A second aspect of the present invention is a system 
for diffusing error generated from thresholding a grey lev- 
20 el value representing a pixel. This system includes input 
means for receiving the grey level value representing the 
pixel, the grey level value having a first resolution and 
high addressability means for converting the grey level 
value to a second resolution, the second resolution being 
2S higher than the first resolution. Threshold means thresh- 
olds the converted grey level value, and error means 
generates an error value as a result of the threshold. The 
error value has a resolution corresponding to the first res- 
olution. Error diffusing means diffuses the error value to 
30 grey level values representing adjacent pixels. 

Preferably, the high addressability means further 
computes a plurality of subpixel grey values B n> the sub- 
pixel grey level values B n being equal to P0+n(P1-P0) 
/N, wherein n is equal to 0 to N-1 , PO is equal to the first 
35 grey level value, P1 is equal to the second grey level val- 
ue, and N is equal to a high addressability characteristic. 
Preferably, the error means comprises: first means for 
calculating a desired output, the desired output being 
equal to a sum of the first and second grey level values 
40 divided by two; second means for calculating an actual 
output, the actual output being equal to a number of sub- 
pixels being equal to or greater than the threshold value 
multiplied by a maximum grey level value for a pixel di- 
vided by a high addressability characteristic; and third 
45 means for calculating the error to be equal to the desired 
output minus the actual output. 

A third aspect of the present invention is a method 
of generating an error from a threshold process. The 
method thresholds a grey level value of a pixel having a 
50 first resolution. An error value is generated as a result of 
the threshold of the grey level value. The error value has 
a second resolution wherein the second resolution is 
lower than the first resolution. 

A fourth aspect of the present invention is a system 
55 for generating an error from a threshold process. The 
system includes threshold means for thresholding a grey 
level value of a pixel having a first resolution and error 
means for generating an error value as a result of the 
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threshold. The error value has a second resolution which 
is lower than the first resolution. 

A filth aspect of the present invention is a binary 
printing system for rendering marks on a receiving me- 
dium. The binary printing system includes input means 
for receiving a grey level signal corresponding to a pixel 
and having a first resolution. Interpolation means con- 
verts the grey level signal to a second resolution which 
is higher than the first resolution. Binarization means bi- 
narizes the converted grey level signal so as to output a 
binary signal and an error signal. The error signal has a 
resolution equal to the first resolution. Diffusing means 
diffuses the error value to grey level signals correspond- 
ing to pixels adjacent to the binarized pixel. Lastly, ren- 
dering means converts the binary signal into a mark on 
the receiving medium. 

Further objects and advantages of the present in- 
vention will become apparent from the following descrip- 
tions of the various embodiments and characteristic fea- 
tures of the present invention, in conjunction with the 
drawings, wherein: 

Figure 1 shows a flowchart illustrating a typical error 
diffusion method; 

Figure 2 shows a diagram illustrating a typical 
weighting coefficient scheme; 

Figure 3 shows a graph illustrating subpixel interpo- 
lation for one embodiment of the present invention; 

Figure 4 shows a flowchart illustrating the error dif- 
fusion method using the interpolation schemes of 
Figure 3; 

Figure 5 shows a graph illustrating subpixel interpo- 
lation for a second embodiment of the present inven- 
tion; 

Figure 6 shows a flow chart illustrating the error dif- 
fusion method of the present invention using the 
interpolation scheme of Figure 5; and 

Figure 7 and 8 show graphs illustrating the subpixel 
relationships for the interpolation schemes of Fig- 
ures 3 and 5. 

In describing the present invention, it is assumed 
that the video value In a range between 0 and 255. How- 
ever, any chosen range for the video signal can be uti- 
lized in conjunction with the present invention. As de- 
scribed above, in conventional error diffusion methods, 
the printing of the pixels is determined by comparing a 
modified input with a threshold. The modified input video 
signal is the input video signal, V, plus an accumulated 
error term, ej, determined from the processing of previ- 
ous pixels. If the modified input video signal of the pixel 
is greater than or equal to the threshold, the output is a 



logical one and an error term of V + ej - 255 is propagated 
to the downstream pixels. If the modified input video sig- 
nal is less than the threshold, the logical output is 0 and 
an error of V + ej is propagated downstream. 
5 it is noted that the present invention is being de- 

scribed for a binary system. However, the concepts the 
present invention are readily applicable to four level sys- 
tems, etc. 

To extend the conventional error diffusion process 
to a high addressability environment, the binarization 
(threshold) is performed at a higher spatial resolution, 
but the error computation and propagation is performed 
at the original lower spatial resolution. This splitting of 
the process substantially prevents or reduces the 
number of isolated subpixels, thereby maintaining high 
image quality. This high resolution/low resolution method 
of the present invention will be explained in more detail 
below. 

In explaining the high addressability error diffusion 
process, it is assumed that the input grey level at pixel 
location i and pixel location i+1 is represented by Vj and 
V i+1 . respectively. The pixel values are assumed to be 8 
bit integers wherein, for the sake of explanation, 0 de- 
notes white and 255 denotes black. The rendering error, 
at the lower resolution, that passes from upstream pixels 
to the downstream pixel location is denoted by 6j. 

It is noted that a feature of high addressability in- 
volves interpolation between pixels, the creation of sub- 
pixels. This interpolation impacts the high addressability 
error diffusion process. More specifically, depending on 
the way the interpolation is done, two distinct outputs can 
be obtained utilizing the high addressability error diffu- 
sion process of the present invention. Each one of these 
distinct outputs will be discussed below. 

As noted above, the high addressability error diffu- 
sion process of the present invention produces two dis- 
tinct outputs depending upon the interpolation scheme. 
With respect to a first interpolation scheme, the steps for 
determining the printing or rendering of a subpixel are as 
follows. 

Initially, the modified pixel values POj = Vj^ + e^., = 
P1 M and P1j = Vj +ej are computed at two locations cor- 
responding to the input resolution. In this example, as 
illustrated in Figure 3, the subpixels are denoted by 0 to 
IM-1. In Figure 3, the high addressability characteristic, 
N, is equal to 4. 

As illustrated in Figure 3, a line is drawn to connect 
the values PO and P1 . (The i subscripts have been 
dropped for simplicity.) Moreover, a dotted line is drawn 
to represent a threshold value of 128. (Again, it is noted 
that 0 to 255 is the range of the video signal; however, 
any range can be utilized.) The intersection of the line 
connecting PO and P1 and the line representing the 
threshold at 128 determines which subpixels are to be 
rendered or printed. The X coordinate of the point of in- 
tersection is determined and normalized to N by the 
equation X = N (128-P0)/(P1-P0). 

Next, it is determined which subpixels are to be 
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turned ON. If X is less than or equal to 0 and if P1 is 
greater than or equal to 128, all the subpixels are ON; 
otherwise, all the subpixels are OFF. This decision rep- 
resents the complete rendering or non-rendering ol the 
pixel. To determine a partial rendering of the whole pixel, 
a subpixel analysis must be performed. In this instance, 
the value X must be compared to the individual subpixel 
values. 

It is noted, as illustrated in Figure 3, that the value 
of X does not necessarily compute to a whole number or 
subpixel, thereby making any analysis include a fraction- 
al component. To avoid this, X is converted to a whole 
number or subpixel value. For this conversion, n is al- 
lowed to be equal to the truncated integer value of X. The 
values n and X can then be utilized to determine which 
subpixels are to be turned ON and which subpixels are 
to be turned OFF More specifically, if X is greater than 
0, but less than n, and if PI is less than 128, only the 
subpixels from 0 to n are turned ON and the rest of the 
subpixels are turned OFF; otherwise, the subpixels Irom 
0 to n are turned OFF and the rest are turned ON. If X is 
greater than or equal to n and if P0 is greater than or 
equal to 12B, all subpixels are turned ON; otherwise, all 
subpixels are turned OFF. 

This threshold process produces an error which 
needs to be propagated to downstream pixels. Moreo- 
ver, as noted above, the error needs to be at the original 
low resolution input. The conversion to the original res- 
olution is realized by determining the difference between 
the desired output, (P0 + P1)/2, and the actual output, 
namely b*255/N where b is the number of subpixels that 
were turned ON. The converted error is then multiplied 
by a set of weighting coefficients and distributed to the 
downstream pixels. 

Figure 4 illustrates the actual method utilized to carry 
out the interpolation and error distribution process de- 
scribed above. In Figure 4, at Step S10, the modified vid- 
eo input signal is divided into N subpixel values. At Step 
S20, the values POj and P1 } are calculated as described 
above. Next, at Step S30, the X-coordinate of the point 
of intersection is determined and normalized by multiply- 
ing the difference between 128 and PO by the value N 
and dividing this product by the difference of P1 and PO. 
At Step S40, the normalized value X is compared with 
the value 0. If X is less than or equal to 0, Step S50 com- 
pares the value PI with the value 128. If the value PI is 
greater than or equal to 1 28, ail the subpixels are set to 
an ON state at Step S60. However, if PI is less than 1 28, 
Step S70 sets all the subpixels to an OFF state. 

On the other hand, if Step S40 determines that X is 
not less than or equal to 0, Step S90 determines the in- 
teger value of X and sets this integer value equal to Y. 
At Step S100, the integer value Y is compared with the 
values 0 and N. If the value Y lies between 0 and N, Step 
S110 determines whether the value P1 is less than or 
equal to 1 28. If the value Pt is less than or equal to 1 28, 
Step S120 sets the subpixels 0 to Y to the ON state and 
the subpixels Y + 1 to N to the OFF state. However, if 
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Step S1 10 determines that the value P1 is greater than 
1 28, Step S1 30 sets the subpixels 0 to Y to the OFF state 
and the subpixels Y + 1 to N to the ON state. 

If Step S100 determines that the value Y is not be- 
s tween the values 0 and N : Steps S140 determines 
whether the value P1 is greater than or equal to 128. If 
the value P1 is greater than or equal to 128, Step S160 
sets all subpixels to the ON state. However, if Step S140 
determines that the value P1 is less than 128, Step St 50 
to sets all the subpixels to the OFF state. 

Upon completing the processes at either Steps S60, 
S70. S120, S130, S150, or S160, the error diffusion 
method of the present invention proceeds to Step S170. 
At Step S170 : the number of ON subpixels is calculated 
75 and set equal to Z. Next, at Step S180, the error to be 
propagated to the downstream pixels is calculated. 
Namely, the error is calculated to represent the original 
low spatial resolution. Upon calculating the error in Step 
S180, Step S190 multiplies the error by weighting coef- 
ficients and distributes the weighted error terms to down- 
stream pixels. 

The second interpolation method with respect to im- 
plementing the high addressability error diffusion meth- 
od of the present invention will be describe as follows. 

Initially, the modified pixel values POj = Vj + e } and 
P1 j= V i+1 + ej are computed. Figure 5 illustrates the val- 
ues P0 and P1 for the second version of the high ad- 
dressability error diffusion method of the present inven- 
tion. As in the first method, the subpixels are denoted by 
0 to N-1 wherein, as in the previous case, the high ad- 
dressability characteristic is N = 4. 

The interpolated subpixel values are computed as 
B n = P0 + n(P1 -P0)/N for n = 0 to N - 1 . The interpolated 
subpixel values are then compared with a threshold val- 
ue which in the preferred embodiment is 128, assuming 
that the video value ranges from 0 to 255. 

If B n is greater than or equal to 128, the subpixel is 
turned ON; otherwise, the subpixel is turned OFF In the 
second version, the error to be propagated to down- 
stream pixels is computed as the desired output, (P0 + 
Pt )/2, minus the actual output, namely, y*255/N wherein 
y is the number of subpixels turned ON. The error is then 
multiplied by a set of weighting coefficients and distrib- 
uted to the downstream pixels as in the first version. 

Figure 6 illustrates the process utilized in the second 
interpolation version of the high addressability error dif- 
fusion method of the present invention. As in the Figure 
4, the inputted modified video signal is divided into N sub- 
pixel units at Step S10. At Step S200, the P0 and P1 
values are computed as noted above. At Step S210, the 
values Y and Z are set equal 0, wherein Y denotes the 
number of subpixels which are to be turned ON and Z 
denotes the addressability factor. At Step S220, Z is 
compared with N to determined whether all the subpixels 
within the modified video signal have been thresholded. 
If it is determined that subpixels remain to be threshold- 
ed, the process moves to Step S230 wherein the next 
subpixel value is computed. Step S240 then compares 
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the computed subpixel value with the threshold value, 
namely 1 28. If the subpixel value is greater than or equal 
to the threshold value. Step S260 sets the subpixel value 
to the ON state, and Step S270 increments the value Y 
indicating the number of subpixels that are set ON. How- 
ever, if the subpixel value is less than 128, Step S250 
sets the subpixel value to OFF. 

Upon the completion of either Step S250 or Step 
270, the process proceeds to Step S280 wherein the 
high addressability value Z is incremented. This subrou- 
tine is repeated until all subpixel values within the mod- 
ified video signal are compared with the threshold value. 
Upon completing the comparison of all subpixel values, 
the process advances to Step S290 wherein the number 
of ON subpixels are calculated. At Step S300, the error 
f rom the threshold process is calculated so that the value 
represents the original lower spatial resolution. Upon cal- 
culating the error, Step S310 multiplies the error by 
weighting coefficients and distributes the error to down- 
stream pixels. 

Figure 7 illustrates the high addressability relation- 
ship between adjacent pixels utilizing the first interpola- 
tion version of high addressability error diffusion method. 
More specifically, it is noted that the P1 value of the 
present pixel is utilized as the P0 value lor the next pixel. 

On the other hand, Figure 8 illustrates the high ad- 
dressability relationship between pixels utilizing the sec- 
ond interpolation version of the high addressability error 
diffusion method. In this case, there is discontinuity be- 
tween the P1 value of the previous pixel and the P0 value 
of the present pixel. Thus, from these two Figures, it can 
be seen that the error output from the two versions of the 
high addressability error diffusion methods will be differ- 
ent. 

The actual circuit utilized to implement the high ad- 
dressability error diffusion will be described briefly below. 
A full discussion of the circuit is disclosed in 
EP-A-000,000, corresponding to U.S. Application Serial 
No. 08/285,572, filed concurrently herewith. 

In the circuit implementation, the input video signal 
is input into an error calculation circuit and a video mod- 
ification circuit. An error component epipQ, is also fed into 
the error calculation circuit. The error calculation circuit 
calculates the various possible error values that can re- 
sult from the presently occurring binarization process. 
The selection of the proper error to be output by the error 
calculation circuit is based upon a received error selec- 
tion signal which will be discussed in more detail below. 

The selected error value from the error calculation 
circuit is fed into a coefficient matrix circuit which distrib- 
utes the error based upon a set of weighting coefficients. 
The coefficient matrix circuit splits the error values into 
the two components e F | FO and e FB . The feedback error, 
e FB , is output from the coefficient matrix circuit and fed 
back to the video modification circuit. The video modifi- 
cation circuit also receives e FIFO from a buffer. 

The video modification circuit produces the interpo- 
lated subpixel values for the high addressability error dif- 



fusion method wherein the interpolated subpixel values 
are fed into the binarization circuit along with a threshold 
value. In the preferred embodiment of the present inven- 
tion, the threshold value is 128. However, it is noted that 

5 this threshold value can be any value. 

The binarization circuit binarizes the inputted video 
data so as to output binarized image data for utilization 
by an image rendering device. The binarization circuit 
also produces the error selection signal which is utilized 

io by the error calculation circuit to choose the correct error 
value to be fed to the coefficient matrix circuit. This error 
selection signal represents the number of interpolated 
subpixels which are turned ON during the binarization 
process. Thus, the error calculation circuit may include 

is a multiplexer to make this selection. 

The error calculation circuit is in parallel with the vid- 
eo modification circuit and the binarization circuit. Thus, 
the high addressability error diffusion method can be 
readily implemented in hardware so that the image data 
20 can be binarized within the time constraints and through- 
put specifications of a high output image rendering de- 
vice. 

In describing the present invention, the terms pixel 
and subpixel have been utilized. These terms may refer 

2S to an electrical (or optical, if fiber optics are used) signal 
which represent the physically measureable optical 
properties at a physically definable area on a receiving 
medium. The receiving medium can be any tangible doc- 
ument, photoreceptor, or marking material transfer me- 

30 dium. Moreover, the terms pixel and subpixel may refer 
to an electrical (or optical, if fiber optics are used) signal 
which represent the physically measureable optical 
properties at a physically definable area on a display me- 
dium. A plurality of the physically definable areas for both 

35 situations represent the physically measureable optical 
properties of the entire physical image to be rendered by 
either a material marking device, electrical or magnetic 
marking device, or optical display device. Lastly, theterm 
pixel may refer to an electrical (or optical, if fiber optics 

40 are used) signal which represents physical optical prop- 
erty data generated from a single photosensor ceil when 
scanning a physical image so as to convert the physical 
optical properties of the physical image to an electronic 
or electrical representation. In other words, in this situa- 

^5 tion, a pixel is an electrical (or optical) representation of 
the physical optical properties of a physical image meas- 
ured at a physically definable area on an optical sensor. 

Although the present invention has been described 
in detail above, various modifications will be apparent to 

50 skilled persons. For example, the preferred embodiment 
of the present invention has been described with respect 
to a printing system; however, this error diffusion method 
is readily implemented in a display system. Moreover, 
the high addressability error diffusion method of the 

55 present invention can be readily implemented on an 
ASIC, thereby enabling the placement of this process in 
a scanner, electronic subsystem, printer, or display de- 
vice. 
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Moreover, the present invention has been described 
with respect to a video range of 0 to 255. However, it is 
contemplated by the present invention that the video 
range can be any suitable range to describe the grey lev- 
el of the pixel being processed. Furthermore, the present 
invention is readily applicable to any rendering system, 
not necessarily a binary output device. II is contemplated 
that the concepts of the present invention are readily ap- 
plicable to a four-level output terminal or higher. 

Lastly, the present invention has been described 
with respect to a monochrome or black/white environ- 
ment. However, the concepts of the present invention are 
readily applicable to a color environment. Namely, the 
high addressability error diffusion process of the present 
invention can be applied to each color space value rep- 
resenting the color pixel. 

In recapitulation, the present invention provides a 
high addressability error diffusion method or module 
which enables an image processing system to convert 
an electronic document of one formal to that of another 
format. 



Claims 

1. A method of generating an error from a threshold 
process, comprising the steps of: 

(a) thresholding a grey level value of a pixel hav- 
ing a first resolution; and 

(b) generating an error value as a result of 
thresholding the grey level value in said step 
(a), the error value having a second resolution, 
the second resolution being lower than the first 
resolution. 

2. The method as claimed in claim 1, further compris- 
ing the step of: 

(c) diffusing the error value to grey level values 
of pixels adjacent to the pixel being thresholded. 

3. A method of diffusing an error generated from 
thresholding a grey level value representing a pixel, 
comprising the steps of: 

(a) receiving the grey level value representing 
the pixel, the grey level value having a first res- 
olution; 

(b) converting the grey level value to a second 
resolution, the second resolution being higher 
than the first resolution; 

(c) thresholding the converted grey level value; 
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error value having a resolution corresponding to 
the first resolution; and 

(e) diffusing the error value to grey level values 
5 representing adjacent pixels. 

4. The method as claimed in claim 3, wherein said step 
(b) comprises the substeps of: 

10 (bl ) computing a first grey level value; and 

(b2) computing a second grey level value; and 
preferably lurther comprises the substep of: 

(b3) computing a plurality of subpixel grey level 
values B n , the subpixel grey level values B n 
being equal to PO + n(P1-P0)/N, wherein n is 
equal to 0 to N-1, PO is equal to the first grey 
level value, P1 is equal to the second grey 
value, and N is equal to a high addressability 
characteristic. 
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5. The method as claimed in clam 4, wherein said step 
(d) comprises the substeps of: 

25 

(d1) calculating a desired output, the desired 
output being equal to a sum of the first and sec- 
ond grey level values divided by two; 

30 (d2) calculating an actual output, the actual out- 

put being equal to a number of subpixels being 
equal to or greater than a threshold value mul- 
tiplied by a maximum grey level value for a pixel 
divided by a high addressability characteristic; 

35 and 

(d3) calculating the error to be equal to the 
desired output minus the actual output. 

40 6. A system for generating an error from a threshold 
process, comprising: 

threshold means for thresholding a grey level 
value of a pixel having a first resolution; and 

error means for generating an error value as 
^5 a result of thresholding by said threshold means, the 
error value having a second resolution, the second 
resolution being lower than the first resolution. 

7. The system as claimed in claim 6, further compris- 
50 ing: 

diffusing means for diffusing the error value to 
grey level values of pixels adjacent to the pixel being 
thresholded. 

55 8. A system for diffusing an error generated from 
thresholding a grey level value representing a pixel, 
comprising: 

input means for receiving the grey level value 



(d) generating an error value as a result of a 
threshold determination in said step (c), the 



6 
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representing Ihe pixel, the grey level value having a 
first resolution; 

high addressability means for converting the 
grey level value to a second resolution, the second 
resolution being higher than the first resolution; s 

threshold means for thresholding the con- 
verted grey level value; 

error means for generating an error value as 
a result of a threshold determination by said thresh- 
old means, the error value having a resolution cor- io 
responding to the first resolution; and 

error diffusing means for diffusing the error 
value to grey level values representing adjacent pix- 
els. 

15 

9. The system as claimed in claim 8, wherein said high 
addressability means computes a first grey level 
value and a second grey level value. 

1 0. A printing system for rendering marks on a receiving 20 
medium, comprising: 

receiving means for receiving a grey level sig- 
nal corresponding to a pixel having a first resolution; 

interpolation means for converting the grey 
level signal to a second resolution, the second res- 25 
dlution being higher than the first resolution; 

binarization means for binarizing the con- 
verted grey level signal so as to output a binary sig- 
nal and an error signal, the error signal having a res- 
olution equal to the first resolution; 30 

..diffusing means for diffusing the error value to 
grey level signals corresponding to pixels adjacent 
to the pixel having the first resolution; and 

rendering means for converting the binary sig- 
nal into a mark on the receiving medium. 35 



40 



45 



so 



7 



EP 0 696 132 A2 



^ START ^ 



1 




MODIFY VIDEO 
SIGNAL FOR 
PIXEL (X) 







TURN 
PIXEL OFF 



5 



CALCULATE 
ERROR (Y) 
X = Y 



S1 




Yes 



TURN 
PIXEL ON 



CALCULATE 
ERROR (Y) 
X-255=Y 



MULTIPLY ERROR Y 
BY WEIGHTING 

COEFFICIENTS AND 
DISTRIBUTE TO 
DOWNSTREAM 
PIXELS 



S7 



T 

C end ) 

FIG. 1 

(Prior Art) 



8 



EP 0 696 1 32 A2 



r 



SLOW SCAN 



FAST SCAN 



255 

128 
PO 



0 

-> 7/16 



3/16 5/16 1/16 



0-PIXEL ALREADY PROCESSED 
X-CURRENT PIXEL 



Y 

FIG. 2 

(Prior Art) 



A 








A 








pi 










.1 i 


► 



FIG. 3 



1X2 3 N=4 



F/G. 5 



255 



128 

PO 
BO 







A 


pi 








■ ► 



9 



EP 0 696 132 A2 



START ^ 



570-^ Divide Pixel into 
N Sub Pixels 



S20 



Compute 
P0j = V M + eM=P1 M 
and 
P1i = Vi + ei 







r 




Compute 
X = N(128-P0)/(P1-P0) 









S40 



590 




Yes 



Y = INT(X) j 



All Subpixels 
are Set to OFF 



550 



All Subpixels 
are Set to no 



S100 



57 40 




S120 



Set Subpixels 
O to Y as OFF 
and Y + i to N 
as ON 



5760- 



All Subpixels 
are ON 



I 



All Subpixels 
are OFF 



S1S0 



Set Subpixels 
O to Y as OFF 
andY + 1 toN 
as OFF 



5730 



S190 



Multipy Error by 

Weighting 
Coefficients and 
Distribute to 
Downstream Pixels 




S180^ 


5770 . I 


M 


Calculate Error 
<(PO + P1)/2)-Z*255/N 


< — 


Calculate Number of 
Subpixels on (Z) 











T 

Q END ^ 



FIG. 4 



10 



< 



% 



EP 0 696 132 A2 



( START ^ 



S70 



Divide Pixel into 
N Sub Pixels 



S200 



Compute 
P0i = Vi + ei 
P1 i = Vi- M +e i 



S210 



S290 



Calculate Number 
of Subpixels 
on(Y) 




S220 



Yes 



Calculate Error 
(P0 + PD)/2-Y*255/N 



S300 



Multipy Error by 

Weighting 
Coefficients and 
Destribute to 
Downstream 
Pixels 




Compute ] s 230 

B Z = P0 + Z(P1-P0)/N p S280 



Z = Z + 1 



Subpixe! 
Bz is Set 
OFF 



-S3 10 



Subpixei 
B 2 is Set 
ON 



5 



S250 



Y = Y + 1 



-S260 



-S27Q 



FIG. 6 



11 



EP 0 696 132 A2 




FIG. 7 




FIG. 8 



12 



41 



(19) 



Europaisches Palentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(88) Date of publication A3: 

02.01.1997 Bulletin 1997/01 



(n) EP 0 696 132 A3 

EUROPEAN PATENT APPLICATION 

(51) Intel 6; H04N 1/405 



(43) Date of publication A2: 

07.02.1996 Bulletin 1996/06 

(21) Application number: 95305327.9 

(22) Date of filing: 31.07.1995 



(84) Designated Contracting States: 


• Shiau, Jeng-Nan 


DE FR GB 


Webster, NY 14580 (US) 




• Williams, Leon C. 


(30) Priority: 03.08.1994 US 285326 


Walworth, NY 14568 (US) 


(71) Applicant: XEROX CORPORATION 


(74) Representative: Reynolds, Julian David et al 


Rochester New York 14644 (US) 


Rank Xerox Ltd 




Patent Department 


(72) Inventors: 


Parkway 


• Metcalfe, David J. 


Marlow Buckinghamshire SL7 1YL (GB) 


Marlon, NY 14505 (US) 





(54) A method of high addressability error diffusion 



(57) A method and system implements a high ad- 
dressability characteristic into an error diffusion proc- 
ess. A grey level value representing a pixel is received. 
The grey level value has a first resolution which corre- 
sponds to an original input resolution. The grey level val- 
ue is interpolated (S30) to generate subpixel grey level 
values which correspond to a second resolution. The 
second resolution is higher than the first resolution and 
corresponds to the high addressability characteristic. A 
threshold circuit thresholds the interpolated grey level 
value and generates (s180) an error value as a result of 
the threshold. The error value has a resolution corre- 
sponding to the first resolution. A portion of the error val- 
ue is diffused (S1 90) to adjacent pixels on a next scan- 
line. 



START ^ 

0 -sj Divide Pixel into 1 
^ N SubPixels I 



Compute 
P0,=V i . 1 + e4-i = PlK 
and 
Plj=Vi + e} 



Compute 
X = N(128-P0>/<P1-P0) 



°"^- | V = INT(X) | 




Set Subptxeis 
OtoYas OFF 
andY-MtoN 
a» ON 



Set Subpixels 
O to V as OFF 
and Y + 1 toN 
as OFF 



Multipy Error by 

Weighting 
Coefficients and 
Distribute to 
Oowmtream Pi » els 



( C " D ) 



Calculate Error 
«P0 + P1>W2SS/N 



Calculate Number of 
Subpixeis on (Z) 



FIG. 4 



rmledby Jouve. 7£^)0l PAniG (TH) 



EP 0 696 132 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 95 30 5327 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION 0nt.CL6) 



X 
Y 



Y 
A 



EP-A-0 602 854 (XEROX CORPORATION) 

* column 6, line 38 - column 9, line 12 * 

EP-A-0 389 164 (CANON K. K.) 

* page 5, line 38 - line 51 * 

GB-A-2 129 652 (MATSUSHITA ELECTRIC 
INDUSTRIAL CO.) 

US-A-5 031 050 (C. S. CHAN) 



1,2,6,7 
3,4,8-10 



3,4,8-10 



H04N1/405 



TECHNICAL FIELDS 
SEARCHED 0nt.Ct6) 



H04N 



The present search report has been drawn up for all claims 



Place mi uvti 

THE HAGUE 



Dale *f cDwpleltoM of the ttvd 

29 October 1996 



De Roeck, A 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the riling date 
D : document cited in the application 
L : document dted for other reasons 

& : member of the same patent family, corresponding 
document 



2 



